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Mangroves are plants growed in tropical and subtropical tidal wetlands. Saline 
environment is a physiological obstacle for mangroves because water uptake is more 
energy-consuming under the extremely negative water potential of the seawater. 
Mangroves have developed very particular water use strategies in order to survive in 
highly saline and anaerobic environments, often resulting in efficient water use. Water 
use by trees in such saline environment has always been considered as a key process 
for understanding the special life traits of mangroves. Herein, we first studied water 
use characteristics of two mangrove species with same age, Sonneratia apetala and 
Sonneratia caseolaris, growing in intertidal environments in China, from 2015 to 
2016, using sap flow machine and meteorological station. We also investigated how 
the chilling injury event influenced water use characteristics of S. apetala and S. 
caseolaris. We investigated radial patterns of sap flow densities of S. apetala and S. 
caseolaris and tried to explain it with anatomical characteristics. We estimated carbon 
uptake of S. apetala and S. caseolaris using sap flow measurements and stable carbon 
isotope discrimination. Main results and conclusions are listed below. 
1. Whole-tree water use of S. apetala and S. caseolaris was relatively conservative 
compared to terrestrial tree species. In contrast, water use of them represents the 
higher end of what has been reported in the literature in comparison with mangroves 
species. S. apetala had the higher whole tree water use than S. caseolaris, which may 
explain why S. apetala might be more competitive along the Chinese coast and 
indicating that S. apetala had a greater influence on local area water budget than S. 
caseolaris. There was no significant difference in gross primary production between S. 
apetala and S. caseolaris plantations. 
2. There were strong relationship among meteorological factors and sap flow 
densities of S. apetala and S. caseolaris, including photosynthetically active radiation, 
















humidity. Chilling injury changed how sap flow densities of S. apetala and S. 
caseolaris responsed to photosynthetically active radiation and caused a higher leaf 
loss in S. caseolaris than in S. apetala and a significant decline of water uptake in S. 
caseolaris.  
3. Higher radial resistance in sapwood of S. caseolaris caused a steeper decline of 
sap flow density radially in S. caseolaris than in S. apetala. Futhermore, S. apetala 
had more percentage of sapwood area remained hydro-active than S. caseolaris which 
may indicated that S. apetala had a better water use regime than S. caseolari. Results 
showed that about 55% and 51% of water use could be overestimated if acute radial 
reductions in sap flow were not considered, corresponding to average discrepancies in 
stand water use of 5.6 mm d
–1
 for S. apetala and 2.5 mm d
–1
 for S. caseolaris.  
 






























































表 1–1 用热技术方法测定红树植物与其他植物单株树木蒸腾耗水量的比较 
Table 1–1 Comparation of whole-plant water use among mangrove and other 



















11.8–15.6 3.2–5.3 [24] 
 23.7–24.3 11.5–30.8 [24] 
 43.9–46.6 40.8–64.1 [24] 
 5.1–15.0 0.5–2.4 [25] 
 15.1–25.0 5.1–9.6 [25] 
 25.1–35.0 8.7–18.5 [25] 
 2.8–5.3 0.4–1.5 [26] 
秋茄 Kandelia obovata 2–4 0.14–0.19 [27] 
 4–8 0.94–1.45 [27] 
 8–10 1.96–3.43 [27] 
拉贡木 Laguncularia racemosa 5.1–15.0 1.9–7.2 [27] 
 15.1–25.0 11.8–24.9 [27] 
 25.1–35.0 19.1–30.5 [27] 
美洲大红树 Rhizophora mangle 5.1–15.0 1.0–6.8 [27] 

















冷杉 Abies amabilis 40 98 [28] 
金合欢 Acacia dealbata 25 59 [29] 
檟如树 Anacardium excelsum 102 379 [30] 
卡瑞帕 Carapa procera 38 52 [31] 
美国山核桃 Carya illinoensis 8 123 [32] 
油桃木 Caryocar glabrum 26 48 [27] 
天蚕长柄双花木 Cecropia 
longipes 


































龙脑香 Dryobalanops aromatica 75 310 [33] 
木英 Eperua falcata 45 166 [27] 
木英 Eperua grandifolia 55 151 [27] 
窿缘桉 Eucalypus grandis 30 141 [34] 
杏仁桉 Eucalyptus regnans 37 151 [29] 
 89 285 [35] 
榕树 Ficus insipida 54 164 [30] 
落叶松 Larix gmelinii 25 67 [36] 
大木玉蕊 Lecythis idatimon 39 94 [27] 
假山毛榉 Nothofagus fusca 60 110 [37] 
挪威云杉 Picea abies 19 49 [38] 
 36 175 [39] 
 15 66 [40] 
海岸松 Pinus pinaster 34 161 [41] 
 35 125 [42] 
辐射松 Pinus radiata 42 349 [43] 
杨树 Populus trichocarpa×美洲
黑杨 Populus deltoides 
15 51 [44] 
花旗松 Pseudotsuga menziesii 20 22 [45] 
无梗花栎 Quercus petraea 9 10 [46] 


























潮汐活动对萌芽白骨壤(A. germinans)、拉贡木(L. racemosa)和美洲大红树(R. 
mangle)水分利用的影响。Hao 等[50]]利用热脉冲技术研究了美洲大红树的水分再
分配现象。此外，还有实验研究了气象因子对于红树植物柱果木榄(Bruguiera 
cylindrica)、白骨壤(A. marina)、红海榄(R. stylosa)、秋茄(Kandelia obovata)水分
利用的影响[22, 24, 27, 51, 52]。 
热技术方法主要包含热平衡技术、热扩散技术和热脉冲技术。其中，热扩散
















树木单株耗水量(tree water use, TWU)由某一深度的 Js乘以对应的边材面积
累加而得，公式如下[22]: 
𝑇𝑊𝑈 = ∑ (𝐽𝑠1
𝑛




其中，1 是第一个深度，i 是第 i 个深度，Js1是第一个深度的茎流速率，Sai
是第 i 个深度的边材面积，Jsi/Js是第 i 个深度茎流速率相对于第 1 个深度茎流速
率的比值。 
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